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CHAPTER ONE 
INTRODUCTION 
The elementary school st i ll maintains its place in 
the educational picture as the fundamental school. Constant 
shift in emphasis and a broadening in terms of curriculum 
areas has not changed the importance of the three nr• s" as 
basic tools of study. Functional handwriting today is con-
sidered important to every boy and girl. Although it is 
still included in the curriculum of the modern elementary 
school as one of the language arts, it probably receives 
the least emphasis as far as instruction, supervision, and 
improvement or mastery are concerned. This is at least 
partially due to a confusion of objectives and a lack of any 
definite program on the part of many ~chool systems . So 
intimates West in one of his re search monographs. 1 In the 
other areas of instruction the application of Educational 
Measurements clarifies the goals and measures the gains so 
that teachers and pupils can see where they are going and 
know when they arrive . Such has not often been the case, 
however, in the field of handwriting. Yet it is admitted 
1west, Paul V., "Changing Practice in Handwriting 
Instruction," Educational Research Monographs, Public School 
Publishing Company, Bloomington, Illinois: 1928, pp. 41-137. 
by the majority of experts that there are definite inherentl 
characteristics recognizable in the various qualities of 
good writing. Many of them also agree on most of the follow-
ing: 
1. Neatness 5. Spacing 
2. Formation 6. Slant 
3. Size 7. Ending strokes 
4. Alignment 8. Smooth lines 
The writer of this study has close contact with 
twenty-five New England school systems and is constantly 
concerned with problems for improving the handwriting of 
children. One of the areas which receives littl e attention 
in the manuals, scales, teaching program, and functional 
application is the formation of numbers. Yet every elemen-
tary school ohild is required to write numbers at some time 
during the day's work. 
In an extensive investi gation no scale was found by 
which a teacher or supervfsor could rate children on number 
formation. It is the purpose of this study, therefore, to 
construct such a scale by a careful analysis of two thousand 
arithmetic papers collected from forty-five New England 
cities and towns. The resulting scale should prove valuable 
to supervisors, teachers, and pupils as a means of diagnosing 
errors in number formation. 
1 
Garrett, Henry E., Statistics in Psychology and Educa-
tion, New York: Longmans Green Company, 1941, p. 157. 
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CHAPTER TWO 
REVIEW OF RESEARCH 
One of the most i mportant contributing factors to 
the intellectual development of me.nkind was the aoquisi tion 
of the art of writing. Mason1 says: 
No other influence that man ever exerted has 
reacted so powerfully upon the development of his 
mental and spiritual nature as the invention of 
writing . Without the art of writing man would still 
be a savage, as benighted as the unlettered heathen 
who still inhabit Darkest Africa. Without writing 
to oonserve current ideals and transmit them to pos-
terity, all advance in intellectual attainments, all 
uplift in spiritual thought that was not transmitted 
through the uncertain and errant instrumentality of 
memory would be lost. 
The ac quisition of t his art of writing , however, was 
the final result of a long and l aborious process begun in 
prehistoric times with crude picture-stories. Referring to 
these early attempts, Mason2 continues : 
The world hardly can hope ever to come nearer 
to the ori ginal sources of writing than the primi-
tive picture-writing of the proto-Babylonians. 
Crossing the wide valley of the Tigris and Euphrates 
we found here and there in chronological sequence 
tables and inscriptions in the Semetic language, 
written in the Babylonian and Assyrian conventional 
cunieform characters in use for three milleniums 
until classic times. We next crossed the vast em-
pire of the Hittites, contemporaneous with that of 
1 Mason, w. A. , A History of the Art of Writing, New 
York: Macmillan Company 1 1928~ "pp~· .16-17 . 
2 
Ibid., PP• 286-287. 
3 
Assyria, stretching from the Euphrates quite to the 
Mediterranean Sea. Scattered here and there in far 
flung cities and provinces we observed and examined 
inscriptions in the peculiar Hittite hieroglyphics. 
In Sumerian and linear Babylonian ideagraphs; bear-
ing not the least resemblance to the cuneiform 
writing with which they probably were contemporan-
eous. Here on the shores of the Mediterranean, where 
the ancient world came in contact with the confines 
of western civilizations, we became acquainted for 
the first time with the true alphabetic writing. 
This ntrue alphabe.tic wri ting11 referred to by. Mason 
is the writing of the Phoenicians, whose alphabet was intro-
duced to the Greeks around the l Oth century B.C. For this 
classical civilization it appeared thus:~Br.L1£ZH(9£/( 
/14/4/3 0 71P E T Y'P¢><_:fl 
Alpha Eta Nu 
Beta Theta Xi 
Gamma Iota Omicron 
Delta Kappa Pi 
Epsilon Lamda Rho 
zeta Mu Sigma 
and was pronounced: 
Tau 
Upsilon . 
Psi 
Phi 
Ohi 
Omega 
Later the alphabet was carried to Italy by the Greek 
1 
colony of Chalois where it was refined until as Mason says: 
For beauty and elegance, for refined proportions 
and subtle spacing, the l ettering is unexcelled. 
The capital letters of our English alphabet are 
nearly the same as those refined from the Greek by the 
Romans over 2000 years ago. The early Greek and Latin 
1 Ibid., p. 417. 
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writers used capital letters exclusively, as it was not 
until the lOth century that lower case letters appeared. It 
was also during this period that punctuation was first sys-
tematized by Alcuin. 
Early cursive writing, which was made up of debased 
capital letter forms, was in quite general use for court 
and private correspondence by the 15th century. The intro-
duction of a new type of lett er calle d the Italic by Aldus 
Manutius in Venice in 1495 marks the beginning of modern 
handwriting . 
The modern period of handwriting in America is di-
vi-ded into five stages of development :1 
1. Colonial Period, 1600-1800 
2. Transition Period, 1800-1850 
3. Period of Independent Elaboration of American 
Systems, 1850-1890 
4. Vertical Writing Movement, 1890-1900 
5. Combination of Commerci al and Scientific 
Influences, 1900-1950 
The writing teacher of t he Colonial Period was seri-
ously hampered by limited materials. It was necessary for 
him to make the pens out of goose quills and the copybooks 
on birch-bark. The paper of that time was of very poor 
quality and the children had to rule it themselves with a 
1 Daugherty, Mary L., "History of the Teaching of Hand-
writing in America," Elementary School Journal, Dec. 1917, 
Vol. XVIII, pp. 280-286. 
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lead plummet, the forerunner of the lead pencil. 
During the transition period, the writing materials 
were i mproved due to the invention of the lit~ograph which 
produced copybooks, and the appearance of the lead pencil 
and steel pens. At this same time Pestaloz.zi introduced his 
method of teaching writing by using the various curves and 
strokes of the letter as the unit of instruction instead of 
the letter itself. The exact proportionate size of each 
letter was so emphasized that the paper had rulings similar 
to a music staff. This method made the writing procedure 
very slow and laborious. 
The opposite theory of Pestalozzi's was the muscular 
movement originated in Engl and in the transition period by 
J. A. Carstairs. This theory placed the ~mportance on the 
wri t~ng movement without regard to fo.rm. It was initiated 
in America by B. F. Foster1 who explained the writing-act: 
The joints of the fingers, wrist, and elbow 
are all brought into play and the arm is the pro-
ducer of the combined movement. 
From 1850 to 1890, the third period in the history, 
the style of writing became an extreme muscular movement 
type, permitting no movement of the fingers at all. During 
2 this period Spencer introduced his method which was based 
1Foster, B. F., Practical Penmanship, A Development of 
the Carstairian System, Albany, N.Y.: Cummings and Philadel-
phia, Penn.: carey & Lea., 1830, p. 17. 
2spencer, P. R. Spencerian Key to Practical Penmansh!£ (Prepared by H. c. ~pencer), New York: ll8541/p. 116. -
6 
on the elliptical curve as a letter's foundation. This 
theory of. employing the elliptical curve is explained by 
Spencer as 
The peculiarity of its prominent features 
C()n&isted in selecting from nat ure the elliptical 
curve which nature most delights to employ as 
adapted to the laws of action for its controlling 
model. 
The vertical style of writing which originated in 
France and Germany enjoyed a brief popularity in the ten 
years which followed~ 1890 to 1900 . Obviously it deterior-
ated the effects made by the efforts to produce slant, and 
it was thought by many to be injurious to posture and 
vision. The chief reason that its duration was short how-
ever~ was because it slowed down so seriously the writing 
act. 
The modern period of development in the history of 
handwriting began about 1900, and extends to the present 
time. It is during this period t hat the commercial inter-
e at s have influenced the theory and practice of ins truction 
in handwriting. Fortunately, in t he most recent years, edu-
cators have applied the techniques of scientific research to 
thi s area of the l anguage arts. Ob jective measuring instru-
l. 
ments began to appe ar in 1910 with Dr. Thorndike's Scale. 
In 1915, the first di agnostic and analytical scale was 
1 Thorndike, Edward L., The Thorndike Scale for Hand- · 
writing of Children, New York: Teachers Colle ge, Columbia 
University, 1910 . 
7 
presented by Dr. Frank N. Freeman.1 Even today the most 
frequently used scale is the one which was pUblished in 
1917 by Dr. Leonard P. Ayers. 2 
The same year at the National Penmanship Associa-
tion's convention, a committee appointed by that organiza-
tion presented a standardized alphabet which consisted of the 
best letter forms selected from all available alphabets. 
This was the initial attempt to eliminate the confusion 
caused when children who moved from one section of the coun-
try to another had to learn different letter· forms. It is 
this standard letter alphabet that was recommended by McKee3 
in 1934 when he wa.s discussing handwriting as an essential 
part of the elementary school's curriculum. He also suggest-
ed Ayre•s scale for the purposes of speed and quality and 
recommended using Freeman's for diagnosis.4 The criteria 
included for diagnosis are form, spacing, alignment, slant, 
and line quality. When weighting these items for construct-
ing his diagnostic scale, Freeman5 recommended doubling the 
1Freeman, Frank N., An Analttical Scale for Judging 
Handwriting, Boston: Houghton M ff1in Company, 1915 . 
2Ayers, Leonard P., Measuring Scale for Handwriting, 
New York City: Russell Sage Foundation, 1917. 
3 McKee, Paul, Langua~ in .the Elementary School, Boston: 
Houghton Mifflin Company, 1934, p. 431. 
4 . 
Ibid., p. 438. 
5Freeman, Frank N., Experimental Education, Boston: 
Houghton Mifflin Company, 1916, pp. 82-94. 
8 
weight for letter formation because .that characteristic was 
more important than the others. At the same time be recom-
mended using the scale .for grading handwriting by adhering 
to the following procedure: 
1. Fix attention on only one characteristic at 
a time. 
2. The judgment on one point be not allofted to 
influence the judgment on the other points. 
3. The same fault be counted only once. 
4. General impression be disregarded. 
Although Thorndike 1 s1 scale was not diagnostic, its 
chief charact eristic was a measure of legibility or letter 
f ormation. As he says: 
Legibility is a word with many possible mean-
ings . In one of its meanings the legibility of 
handwriting may be measured by the distance at which 
it can be read with ~ given accuracy and rate . 
A more recent writer, Quant2 .says in a discussion of 
legibility: 
The most important factor in determining legi-
bility is letter formation; other factors are com-
pactness and uniformity of moderate .s:I:ant. 
3 In some of the most recent research Munroe concurs 
when he claims: 
The chief characteri stics of writing to be 
tested are quality (form or l egibility) and speed. 
1 Thorndike, Edward L., Handwriting, New York: Teachers' 
College, Columbia University, 1912, p . 39 ; 
2Quant, L., 11Fa:ctors Affecting the Legibility of Hand-
writing," Journal of Experimental Education, June, 1946, 
Vol. XIV, pp. 297-316. 
~unroe, Walter, Encyclopedia of Educational Research, 
New York: MacMillan Company, 1950, p. 528. 
I 
I 
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Maria Montessorio1 claims to have taught handwriting 
successfully by the Kinesthetic method to children as young 
as four years of age. Although she does not indicate the 
importance of form, she obViousl y followed the criteria of 
slant and spacing as she claims: 
QU% little pupils write enti re words, main-
taining perfectly the slant, and making the dis-
tance between each letter e qual. 
a Breed and Oulp, in a study of the relation of l egi-
bility and form in handwriting, present a correlation of 
.35 between form and legibility. In the same study they 
claim: 
From the viewpoint of the reader of handwritin:g 
the most important aim is legibility (form). 
They also present correlations of .15 for slant with 
' legibility; .29 for alignment with legibility; .31 for 
spacing wi th legibility; and .45 for formation with same. 
They conclude, therefore, that the order of importance of 
these criteria are: form, spacing, alignment, and slant. 
Consequently~ they recommend a weighting of the items for 
scale grading accordingly: 
Formation-----3 
Ali gnment-----a 
1 
Montessorio, Maria, The Montessori . Method , New York: 
Frederick Stokes Company, 1912, p. 295. 
~reed, r. s. and Oulp, v., "Note on the Relation of 
Legibility and Form in Handwriting," School and Society, 
IV, Dec. 1916, PP• 870-872. 
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Spac ing----- --2 
Slant:..--------1 
Line quali ty--1 
1 Oharters sets up as standards for the attainment of 
good handwriting, legibility, beauty, and speed. As the 
criteria to reach these standards he includes form, spacing , 
slant, alignment, and line quality. Formation is particular-
ly emphasized as the important factor to be mastered in the 
elementary grades. 
It is undoubtedly best to have the children 
of a school practice the same general letter forms 
rather than to allow an instructor to teach any 
form he desires. This is done primaril y t o avoid 
confusing the child. 2 
3 . 
Beale feels that legibility and fluency are of 
equal importance. When discussing a functional handwriting 
program, she says : 
Too frequently, handwriting falls short of its 
purpose for three reasons : 
First i s the failure to regard handwriting as 
a tool. Since the sole value of a tool lies in the 
facility with which it can be used, l egibility and 
fluency are of e qual importance . The r e is a defin-
ite body of handwriting principles to learn. These 
are habits to acquire, and these habits must be 
repeated until t hey become automatic. 
1 Charters, w. w., The Teaching of the Oommon Branches, 
Boston: Houghton Mifflin Oompany, 1913 and 1924, p. 39 and 
p . 53. 
~acomber, F. G., Guiding Ohild Development in the Ele-
mentary School, Boston: American Book Oo ., 1941, pp. 203-208. 
3 Beale, Beulah P., "Making Handwriting Function," 
Instructor Magazine, Vol. LV, Jan. 1946 , p. 14. 
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Second is failure to recogni ze that since liv-
ing organisms are being educ ated, there is a r el a-
tionship be tween occasional l apses in qual ity of 
writing and t he periods of ac qel eration in muscular 
growth and neural development. In acquiring skill, 
complete release from tension and a f eeling of well-
being are essential. 
The third reason i s the failure to individual-
ize handwrit ing instruction and to utilize a method 
of t eaching which shows t he pupil how to link legi-
bility and fluency at the outset. 
1 Oallewaert supports slant both of the paper and the 
writing as his concern for muscular growth and neural devel-
opment of elementary school children. He also endorses con-
ventional writing posture and cursive handwriting as the 
most heal t hful techniques for the children of this a ge 
group. 
Previously from a pedagogical vi e\~oint, Oallewaert 
agreed with Thompson2 when she said: 
A vertical hand is not a natural one for the 
child, nor the swiftest, consequently when he l eaves 
school and is compelled to write fast, he is unable 
to keep on writing vertically, but writes a miser-
able, uneven slant. 
Hildreth3 i mplie s that she adhere s to all the fore-
going criteria by suggesting the continued use of the hand-
wri ting scal es. Relative to instructional techni ques, she 
1 Oal lewaert , H., "A Rational Technique of Handwriting, " 
J ournal of Educational Research, Sept. 1947, XLI, pp. 1 - 12. 
2Thompson, Mar y E., Psychology and Pedagogy of Writing, 
Baltimore: Warwick and York, Inc ., 1 911, p. 128. 
3 
Hildreth, Gertrude H., Learning the Three R's, Educa-
tional Publishers Incorporated, Mi nneapolis, Minnesota, 
1 936 , pp. 231-239. 
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offers: 
A major emphasis is not on free arm movement 
but relaxed hand and fingers which cooperate effi-
ciently in the task. 
Accessory drill, such as push-pull and ovals, 
is discarded. More actual writing is done. 
In 1921 Marjorie Wise1 introduced manuscript writing 
at Columbia University as a tool for primary grade children. 
In her book on the art, she includes among the criteria, 
size, spacing, alignment, line quality, and speed. 
The first research done on this type of writing was 
carried on by surveys in California and Iowa, the results of 
which purported it to be easier to teach and to learn. Al-
though it had gained wide usage in the private schools of 
this country, it was not until the New York Oity school sys-
tem adopted it as a part of the re quired curriculum in 1924 
that public school educators began to look into its advan-
2 
tages. In 1931 Corser's handbook discussed legibility in 
handwriting without the usual connotation of form. To quote 
her in this regard: 
Legibility depends on margins and spacing more 
than anything else. 
Legibility and beauty depend chiefly on the 
principles of ' compact spacing. 
For beginners, most of the evidence at first indi-
cated manuscript writing as a tool that could be mastered 
1 Wise, Marjorie, Manuscript Writing, New York: Charles 
Scribner's Sons, 1924, pp. 53. 
2
corser, Jean, Manuscript Writing , A Handbook, Cleve-
land: The Harter Publishing Co., 1931 , p. 61. 
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quickly and which was a definite aid in learning to read 
and to spell. It was generally accepted to be slower than 
cursive writing which was usually introduced in grade three. 
This transfer was advised -by Griffi ths1 in 1937. The next 
year, after completing a very carefully controlled statis-
tical study, Varty2 concluded: 
It is highly desirable that educators evaluate 
the system of writing, e.g., manuscript or cursive, 
prior to its further adoption. Just as research was 
needed preVious to the mushroom growth of vertical 
writing between 1900 and 1920, we now need more 
scientific evidence to evaluate the specific claims 
made· for manuscript writing. 
In another experimental study, Voorhis3 found sig-
nificant gains for manuscript writing in both legibil-ity and 
speed due to the simplicity of the ~lphabet. In her conclu-
sions she reports: 
The difference between cursive and manuscript 
writing, therefore, is a difference in letter for-
mation only, and not a difference in teaching 
method. 
4 Very similarly that same year Cole, while 
1 
Griffi the, Nellie, L., Manusc.ript Writing, Its Advan-
tages-- How to Teach it, Chicago: Hall and McCreary Oo., 
1937, p. 32. 
2 
. Varty, Jonathan w., Manuscript Writing and Spelling 
Achievement, New York: Teachers College, Columbia University, 
1938. 
3 Voorhis, Thelma Grady, The Relative Merits of Cursive 
and Manuscript Writing, New York: o. Lincoln School of 
Teachers College, 1939, p. 47. 
4
oole, Luella, Teaching in the Elementary School, New 
York: Farrar and Rinehart, Inc., 1939, pp. 75-79. 
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discussing the teaching of handwriting, says: 
Beyond neatness there is no need for beauty. 
The real essentials are legibility, ease of pro-
duction, and speed. 
Legibility is largely a funotiop of letter 
formation. The only influence of spacing upon 
legibility comes from the introduction of spaces 
in the mi ddle of words where they do not belong . 
Any uniform spacing is apparently as legible as 
any other. 
Although Burke1 more recently has found: 
In the primary grades the words 'line" and 
11 space 11 should be definitely understood. One of 
the outstanding faults in the primary grades is 
the matter of not writing on the lines and of 
uneven spacing. 
2 Lewry thinks an improvement in manuscript writing 
might be brought about if the alphabet were standardized 
similar to the print of the telephone directory with which 
children are familiar. Regarding the present forms in use 
she says: 
No two manuscript writing systems use the same 
style or form of alphabet which confuses both the 
teachers and the children in primary grades. 
3 Worrell feels that it should be taught as a perma-
nent skill and need never be dropped to be r eplaced by 
1 Burke, Mary, "Transfer from Manuscript to Cursive 
Writing," Grade Teacher, April 1947, Vol. LXIV, p. 2. 
a Lewry, Marion E., 11Improving Manuscript Writing in 
Primary Grades,n Elementary School Journal XLVII, May 1947, 
PP• 508-515. 
3worrell, Anne L., "How Shall We Teach Skills in 
Writing?" Elementary English, April 1947, Vol. XXIV, 
PP• 217-219. 
15 
cursive handwriting. To quote: 
The main goal is legibility. To meet this 
need, manuscript wri t ing has come into its own. 
No valid reason re quiring children to change 
to cursive writing at any particular time, if at 
all. Some children choose to do so, and why re-
strict them? Others will choose to continue man-
uscript thruout their lives. 
In the brief foregoing review of the research in 
the field of handwriting, it is obvious that the evidence 
is concerned with the wri ting of letter forms. After a 
reasonably thorough investigation, the author of t his study 
was unable to locate very much in r elation to number forma-
tion. Olark1 says: 
In teaching penmanship the numerals are often 
thought to be of small consequence; hence little 
attention is given to them, if, indeed, they are 
not entirely omitted. This is a serious mistake. 
A prominent merchant once said t hat in considering 
applicants for a pos ition as bookkeeper in hie 
office, if the first person who applied could write 
well, but made fi gures poorly, he would gi ve pre-
f erence to a second who made his figures well, 
although hi s writing mi ght be poore r than that of 
the first applicant. The merchant's i dea was in 
ordinary business transactions the figures are 
often the most important part of the record , and 
therefore, must be made so that they may never be 
questioned. 
The commercial interest s for the most part include 
in their manuals the number forms that are found in the 
sta.ndard letter alphabet, 1 .2- ._g 4'-5 ~ 7? 9 0. Among these 
1 Olark, Albert w. , Public School Penmanship , Boston: 
Ginn and Oompany, 1909 , p. 35. 
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are the Palmer1 Method Manuals and the Rinehart2 Functional 
Handwriting Folders. 
In· a new approach to teaching nwnber facts and com-
binations, which is similar to Montessorio•s kinesthetic 
3 
method, Stern says: 
Writing is learned by studying the dynamics 
that make lines grow into familiar figures. Only 
after the child can write the single figures 
easily and correctly is he allowed to use his new 
skill in writing down the number facts that he 
finds in his experiments. 
It is evident that studies of handwriting lend 
weight to expert opinion that formation, size, alignment, 
spacing, and slant are characteristic of good writing. In 
view of the research, therefore, the writer attempted to 
apply the same criteria to the formation of numbers in an 
effort to build a scale of evaluation which could be util-
ized in the elementary schools. 
1 Palmer Method Handwriting Experts, Palmer Method Hand-
writing Teachers• Manual, New York: A. N. Palmer Company, 
1931' p. 49. 
2 Rinehart, w. L., Rinehart Functional Handwriting 
Syste~, Cambridge , Mass., 1933. 
3stern, Catherine, Children Discover Arithmetic, New 
York: Harper and Brothers, 1949, p. 79. 
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CHAPTER THREE 
PL AN OF PROCEDURE 
I t was the purpose of the writer to build a scale 
for r ating number formation. Since t hi s scale was to be 
used by t eachers and children i n the elementar y scho~l, it 
was considered advisable to secure as wide a sampling as 
possible in order to insure a scale truly r epresentative of 
children's work. The writer' s position enabl ed her to ob-
tain t wo thousand papers from the sixth grades of forty-five 
New England cities and towns . I n no i nstance was t he teach-
er or pupils informed of the purpose for which the papers 
were collected. This precaution was taken to insure a r ep-
r esentative sample of the pupils' daily work without undue 
emphasis upon handwriting. 
An examination of Table I shows that each of the 
New Engl and states is represented, t hough the bulk of the 
population was located in Massachusetts . The forty-five 
communities chosen r ange from high socio-economic areas and 
middle class surburban towns to industrial cities. Two 
thousand s ampl es were considered sufficient data for the 
construction of the scale, since they were chosen from vary-
i ng types of communities which covered a wide area. 
18 
llaine New Hampshire Vermont 
7003 Belmont 1374 Brattleboro 
8631 Claremont 10101 
10765 Oonoord 27171 
J 
Rhode Island 
Bristol 11159 
Pawtucket 75797 
19 
Connecticut 
Bloomfield 4309 
Faced with t he need f or ra·ting two thousand papers, 
some objective criteria had to be established. The writer 
li sted the qualities which research had indicated as inher-
ent in good handwriting and arbitrarily assigned numerical 
weights to each. The qualities i ncluded were formation, 
uniform size, even spacing, consistent slant, and alignment. 
The greatest weight was assigned to formation because it is 
emphasized in the teaching procedure a.nd because l egibility 
is largel y determined by for m i n the opinion of some author-
ities. One hundred points were distributed in the following 
manner: 
1. Standard number formation •..........•• 60% 
a .• Superior 
b. Excellent 
c. Good 
d. Fair 
e. Poor 
2. Uniform Size ••• . . ............... .• . ••• 10% 
a . Superior 10% 
b. Excellent 8% 
c. Good 6%. 
d. Fair 4% 
e. Poor 2% 
3. Even Spacing •••..••.•.........•... .. •• 10% 
a. 
b. 
c. 
d. 
e. 
Superior 
Excellent 
Good 
Fair 
Poor 
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4. Consistent Slant ••.••.•••.•..•••...•.•. 10% 
a . 
b. 
c. 
d . 
e. 
Superior 
Excellent 
Good 
Fair 
Poor 
5 • Al. i gnme n t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1 O% 
a. Superior 10% 
b. Excellent 8% 
c. Good 8% 
d. Fair 4% 
e . Poor 2% 
It can be seen that each of the criteria has been 
broken down on the basis of Superior, Excellent, Good , Fair, 
Poor, with numerical weights for each to make possible a 
finer estimate of the paper examined. 
Using the above criteria the writer examined the 
two thousand arithmetic papers which had been assembled. 
On the basis of the numerical rating the paper s were grouped 
into five categories according to the following point 
values: 
1. Superior 84fo--100% 
2. Excellent 70%--8 2%. 
3. Good 54~-68% 
4. Fair 38~-52% 
5. Poor 20¥o--36% 
In or der to check the reliability of the original 
rating the following plan was devised. Four handwriting 
supervisors, with a minimum of five years' experience in 
grading handwriting, were given five hundred of the two 
thousand arithmetic papers. Without consultation they 
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utilized the procedure previously outlined and numerically 
weighted the pape r s. All of the supervisors then met to-
gether and went over the two thousand papers again. Any 
papers which showed unlike scores on the basis of individual 
marking were sUbjected to careful scrutiny and graded ac-
cording to the decision of the three out of t he five people 
who we re evaluating. The papers were then pl aced :in the 
five categories, Supe~ior, Excellent, Good, Fair, Poor, a.s 
a final rating. The writer determined the counted median 
paper in each category. These papers were mounted and used 
as the material for the number scale. (See Appendix .~ . 
It was now necessar y to determine whether the scale 
was reliable enough for use by teachers and children. It 
was not fe asible for school use to retain the intricate num-
erical system utilized in the construction of the scale. In 
order to determine reli ability, when papers were rated by 
comparison with the number scale and placed in five categor-
ies, the writer submitted twenty-five papers, chosen at ran-
dom from the original two thousand, to fifty sixth gr ade 
teachers in the New England area. The results are tabulated 
in the analysis of data. The same twenty-five papers were 
then rated by twenty- five sixth grade children and r esults 
were again tabulate d. The writer realizes tha·t twenty-ftve 
is a very small number of the papers available. It was de-
termined as the lar~st amount reasonable in Vi ew of the 
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fact that it is a time consuming task to ask others to 
assume. 
Tbi s study has attempted not only to build a usable 
scale for rating number formation in the elementary school, 
but also in a more limited sense, it attempts to indicate 
the reliability of this scale when used by elementary 
school teachers and children. 
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CHAPTER FOUR 
ANALYSIS OF DATA 
It was t he purpose of t his study to construct and 
validat e a scale for the eval uati on of t he formation of num-
bers which could be used i n the el ementary school. The 
writer col l ected t wo thousand arithmetic papers from the 
sixth gr ades of fort y-five New England c ities and towns. 
As a first step i n analysis the two t housand papers 
wer e carefully evaluated by the author. For prelimi nary 
purposes the scale was built on the fol lowing basis : 
Formation Size Alignment Spacing Slant 
Superior--- SO% 10% 10% 10% 10~ 
Excellent -- 48% 8% 8% 8% 8% 
Good------- 36%. 6~ S% S%. S% 
Fai r---- --- 24% 4% 4% 4% 4% 
Poor------- 12% 2% 2% 2% 2% 
Table II shows the di stribution of the scores of the 
two thousand papers when evaluated by a single per son with 
supervis ory experience in the field of handwriting. 
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TABLE II 
Distribution of Scores for Two Thousand Oases 
on the Basis of a Single Evaluation 
I F D FD 
99-104 95 5 475 
93-98 194 4 776 
87-92 123 3 369 
81-86 216 2 43 2 
75-80 408 1 408 
69-74 165 0 0 
63-68 180 1 180 
57-62 234 2 468 
51-56 141 3 423 
45-50 73 4 292 
39-44 129 5 645 
33-38 26 6 156 
27-32 5 7 35 
21-26 11 8 88 
Mean 70 . 9S 
1 SD 17. :?.5 
FD2 
2375 
3104 
1107 
864 
408 
0 
180 
936 
1 269 
1168 
3225 
939 
245 
704 
In order to gain some assurance that the initial 
scoring was r eliable the same two thousand papers were sub-
mitted t o four addi tional handwriting supervi sors. Any 
papers which revealed disagreement in terms of the initial 
evaluation were inspected jointly and the group decision 
was recorded. The following table shows the range and 
di stribution of scores when judged by a group. 
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TABLE III 
Di .stribution of Scores for Two Thousand Cases 
on the Basis of a Gr oup Evaluation 
I F D FD 
99-104 95 ... 6 570 
93-98 193 5 965 
87-92 119 4 476 
81-86 188 3 564 
75-80 436 2 872 
69-74 1 66 1 166 
63-68 164 0 0 
57-62 247 - 1 247 
51- 56 138 2 276 
45-50 76 3 228 
39-44 143 4 572 
33-38 17 5 85 
27-32 6 6 36 
21-26 8 7 56 
15-20 4 8 32 
Mean 71.74 
SD 17.28 
FD2 
3420 
4825 
1904 
1 692 
1744 
1 66 
0 
247 
552 
684 
2288 
425 
216 
392 
256 
Tabl e IV shows a comparison of r aw scores on the 
basi s of the two evaluations. 
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TABLE I V 
Comparison of the Distri bution of Scores on the 
Basis of a Single Evaluation and a Gr oup Eval uation 
Class Interval Col umn I X Col umn II XX 
99-104 95 95 
93-98 1 94 1 93 
87-92 1 23 119 
81-86 216 188 
75-80 408 436 
69-74 1 65 166 
63- 68 180 164 
57-62 234 247 
51- 56 1 41 1 38 
45-50 73 76 
39-44 129 143 
33-38 26 1 7 
27-32 5 6 
21- 26 11 8 
15-20 0 4 
Total 2000 2000 
x Distribution of Scores Assigned Two Thousand Ar ithmetic 
Papers on the Basis of a Single Evaluation 
xx Distribution of Scores Assigned Two Thousand Arithmetic 
Papers on the Basis of a Group Evaluation 
An inspection of t he above scores shows that in one 
instance the score was exactly the same. I n all but six 
instances the differ ence was within four points of raw 
score . Six cases showed fairly wide differences ranging 
from nine to t wenty- eight points of raw scor e. 
As further analysis the scores were compared on the 
basis of means and standard deviation. 
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TABLE V 
Comparison of Scores on Basis of 
Single and Group Evaluation 
Mean S.E. 
Oases Mean S.D. S.E. Diff. Diff. C.R. 
I nitial EvaJ.. 
Group Eval. 
2000 
2000 
70.98 
71.74 
17.25 
17.28 
.391 
.385 .76 .548 1.20 
The difference between the means of Table V is so 
small that it appears that the difference could have been 
caused by chance alone. The O.R. teet of significance was 
applied and the result s, presented in Table V, verified the 
assumption that the difference between the means is a prod-
uct of chance. Thus it must be concluded that no signifi-
cant differences appeared between the scores assigned the 
two thousand papers on the two evaluations. 
A random sampling of. twenty-five papers was secured 
from the original two thousand . This set of papers was sub-
mitted to fifty sixth grade teachers who applied the scale 
for purpose of evaluation. 
Table VI shows the results of this trial. 
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TABLE VI 
Amount of Agreement Among Fifty Sixth Grade Teachers 
on the Scoring of Twenty-five Papers 
Number Number of Times Rated Percentage of 
of Paper Sup. Exc. Good Fair Poor Agreement on Rating 
I 
1790 4 41*- 4 1 0 82~ at· Exc. 
1798 5 38 7 0 0 76%. at Exc. 
1621 9 37 4 0 0 74%. at Exc. 
1530 1 37 11 1 0 74%. at Exc. 
251 7 37 6 0 0 74% at Exc. 
1664 6 35 9 0 0 70% at Exc. 
5221 0 0 11 35 4 70% at Fair 
1728 0 0 34 16 0 68%. at Good 
l792 1 9 34 5 1 68%. at Good 
725 0 15 33 2 0 66%. at Good 
t544 13 32 5 0 0 64% at Exc. 
. 619 0 15 32 3 0 64% at Good 
1996 2 18 30 0 0 60%. at Good 
1794 14 30 6 0 0 60% at Exc. 
868 0 20 30 0 0 60% at Good 
609 7 29 14 0 0 58% at Exc. 
893 13 28 9 0 0 56% at Exc. 
645 1 19 28 3 0 56% at Good 
954 0 4 18 28 0 56% at Fair 
608 3 19 28 0 0 56% at Good 
851 6 27 17 0 0 54%. at Exc. 
1995 2 22 26 0 0 52% at Good 
1993 7 25 18 0 0 50% at Exc. 
856 1 24 24 1 0 48%. at Exo . & Good 
753 5 20 23 2 0 46% at Good 
*Figures in red indicate t he score at which t he largest 
number of cases fall. 
In all but two oases the percentage of agreement was 
fifty or better. The two oases falling below were at forty- _ 
six and forty-eight. In general the agreement in scoring 
could be considered good. 
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The same twenty-five papers were submitted to 
twenty-five sixth grade pupils. The results of pupil eval-
uation are shown in Table VII. 
TABLE· VII 
Amount of Agreement Among Twenty-five Sixth Grade Pupils 
on the Scoring of Twenty-five Papers 
Number Number of Times Rated Percentage of 
of Pa:Qer SuQ. Exo. Good Fair Poor Agreement of Rating 
179S 0 25* 0 0 0 100% at E:xo . 
1790 0 23 2 0 0 92% at Exo. 
1544 0 23 2 0 0 92% at Exo. 
1530 0 23 2 0 0 92~ at Exo. 
1664 0 23 2 0 0 92% at Exo. 
1794 0 22 3 0 0 SS% at Exo. 
609 0 22 3 0 0 S8% at E:xo . 
251 0 22 3 0 0 88% at Exo. 
1621 0 21 4 0 0 84% at Exo. 
5221 0 3 21 1 0 84% at Good 
1995 0 20 5 0 0 SO% at E:xo. 
S93 0 20 5 0 0 SO% at E:xo. 
S68 0 20 5 0 0 · 80'* at Exc. 
608 0 20 5 0 0 80% at Exc. 
1728 0 2 20 . 2 1 80%. at Good 
753 0 19 5 1 0 76% at Exc. 
851 0 19 5 1 0 76% at Exo. 
954 0 19 6 0 0 76~ at Exc. 
1996 0 18 7 0 0 72% at Exo. 
856 0 18 s · 1 1 72% at Exo. 
1993 0 1L6 9 0 0 64% at Exc. 
725 0 16 6 3 0 64% at Exc. 
1782 0 14 10 1 0 56% at Exc. 
619 0 14 11 0 0 56% at Exc. 
645 0 12 11 2 0 48% at Exc. 
. 
*Figures in red indi oate the sco.re at which the largest 
number of cases fell. 
Table VII shows that in all but one case the per-
cent age of agreement was fifty or better. The one case 
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falling below was at forty-eight per. cent. In general the 
agreement in scoring could be considered good. 
TABLE VIII 
Range of Scores for One Thousand Seven~y-six Oases 
on the Basi s of Group Evaluation - Boys 
Grade 
Poor 
Fair 
Good 
Exc. 
Sup. 
Number of Cases 
21 
169 
352 
359 
175 
% of Cases 
1.9% 
15.7% 
32.7% 
33.4% 
16.3% 
Table VIII shows that the largest percentage of 
boys' cases fell in the grades of Excellent and Good. 
TABLE IX 
Range of Scores for Nine Hundred Twenty-four Case s 
on the Basis of Group Evaluation - Girls 
Grade Number of Cases % of Oases 
Poor 9 1.0% 
Fai r 72 7. 8%. 
Good 180 19.5% 
Exc. 297 32.1% 
Sup. 366 39.6% 
Table IX shows that the largest percentage of girls' 
cases fell in the grades of Superior and Excellent. 
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TABLE X 
Weighted Scores for Twenty-Five Papers for Fifty Teachers, 
Two Groups of Twenty-Five Teachers, for 
for Twenty-Five Pupil s, and for Three Supervisors 
Number 50 25 25 25 3 
of Paper Teachers Teachers-A Teachers- B Pupils Supervisors 
1728 134 65 69 73 9 
1782 151 74 77 88 9 
1798 198 99 99 100 11 
1993 189 102 87 87 11 
1996 172 88 84 93 12 
1995 176 92 84 95 11 
1790 198 101 97 98 11 
1794 208 113 95 97 11 
1621 205 104 101 96 8 
1544 208 111 97 98 9 
893 202 110 92 95 9 
753 178 93 8 5 92 7 
1530 188 97 91 98 10 
1664 197 104 93 98 12 
5221 107 51 56 76 7 
609 193 105 88 97 9 
619 162 81 81 89 9 
647 166 91 75 85 7 
725 163 82 81 88 8 
251 195 99 96 97 11 
851 189 98 91 93 11 
856 175 88 87 89 10 
868 170 85 85 95 12 
954 126 59 67 94 12 
608 175 92 83 95 7 
For purposes of statistical treatment each of the 
twenty-five random samples of the t wo thousand arithmet ic 
papers was assigned we i ghted scores in t he following manner. 
The number of times that a supervisor, teacher, or pupil 
evaluated a paper superior was multiplied by five; excel-
l e nt, was multiplied by four; good , was multiplied by 
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three; fair, was multiplied by t wo; and poor, was multiplied 
by one. Table X above shows the weighted scores assigned to 
the twenty-five papers by supervisors, teachers, and pupils. 
In order to fulfill the need for a measure of reli-
ability for the scale, beyond a rough comparison of raw 
scores, correlations were obtained between the weighted 
scores assigned a random sample of twenty-five papers by 
three independent groups: fifty sixth grade teachers, 
twenty-fi v.e sixth grade pupils, and three handwriting sup-
ervisors. I n addition, the group of fifty teachers was 
~ivided into two equal groups and the correlation between 
the scores assigned by these groups was determined. All 
correlations are presented in Table XI below. 
25 
50 
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TABLE Xl 
Oorrelations of Scores Assigned Twenty-five Papers for 
Fifty Teachers and Twenty-five Pupils , for 
Fifty Teachers and Three Supervisors, for 
Twenty-five Pupils and Three Supervisors, and 
for Two Groups of Twenty-five Teachers 
25 25 50 
Teache rs Pupils Teac.f!ers 
Teachers .908 
Teachers .767 
Supervisors .435 .240 
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The correlation .908 be tween twenty-five teachers 
and t wenty-five teachers i s excellent. The correlation 
.767 be t ween fifty teachers and t wenty-five pupils i s fair. 
The correlations .435 between t hree supervisor s and twenty-
five pupils and . 240 between three superVisors and fifty 
teachers are very low probably because the number of super-
visors was so small. 
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CHAPTER FIVE 
OONOLUSIONS 
Since the purpose of this study was to .build a scale 
to measure number formation on sixth grade arithmetic papers, 
the first conclusion •as the scale as presented in the 
Appendix, ' • 
Other conclusions also arrived at during this study 
were as follows: 
1. A total of 2,000 sixth-grade arithmetic papers 
were numerically weighted and classified by two 
different evaluations, a single evaluation and a 
group evaluation. 
2. The Mean for the single evaluation was 70.98; 
the Mean for the group evaluation was 71.74 . 
3. The S.D. for the single evaluation was 17.25; 
the S.D. for the group evaluation was 17.28. 
4. In this study the percentage of agreement among 
fifty sixth grade teachers who applied the scale 
for purposes of evaluation to 25 random samples 
of the 2,000 papers was over 50 per cent in all 
but two instances where the agreement was at 46 
and 48 per cent. 
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--- f · --5. In this study the percentage of agreement among 
25 sixth grade pupils who applied the scale for 
purposes of evaluation to the same 25 random 
samples was over 50 per cent in all but one 
instance where the a greement was at 48 per cent. 
6. In this study 33.4~ of 1,076 cases among the 
boys' papers fell at Excellent and 32.7 per cent 
fell at Good. 
7. In this study 39.6 per cent of 924 .cases among 
the girls' papers fell at Superior and 32.1 per 
cent fell at Excellent . 
a. In this study the correlation of scores assigned 
25 papers for 25 teachers and 25 teachers was 
.908, for 50 teachers and 25 pupils was .767, for 
3 supervisors and 25 pupils was .435, and for 3 
supervisors and 50 teachers was.240. 
---
CHAPTER SIX 
LIMITATIONS AND SUGGESTIONS FOR FURTHER RESEARCH 
LIMITATIONS 
Because the author of this study is a Rinehart Hand-
writing Supervisor, the data collected were limited to the 
sixth grades of schools that employ the Rinehart Functional 
Handwriting System. 
Other limitations of this study are : 
1. Data confined to only one of the elementary 
school grades, the sixth. 
2. Thirty-five of the forty-five New England cities 
and towns represented were from Massachusetts. 
3. Only twenty-five random samplings of the original 
two tho~sand papers were used for purposes of 
evaluating the reliability of the scale. 
4. Only three handwriting supervisors used the scale 
for purposes of evaluation. 
SUGGESTIONS FOR FURTHER RESEARCH 
Since it was the purpose of this study to build a 
scale to evaluate number formations which could be used in 
37 
the elementary school, it is sugge sted : 
1. To collect addi t ional data so that grades four 
and five may be include d, thereby extendi ng the 
usability of t he scale to three elementary 
grades. 
2. To gather data fr om more cities and towns in the 
other five New England states to e qual that 
gathered from Massachusetts. 
3. To include cities and t owns that do not have any 
particular system of handwriting. 
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